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1 Introduction

Motivated by the potential benefits of MU transmission with non-orthogonal radio resources, downlink multi-user transmission based on superposition coding has recently been approved as a new SI for RAN1 TSG. In particular, the objectives of the SI include the following [1]:
· Identify and study possible enhancements of downlink multiuser transmission schemes within one cell.
· Investigate the potential gain of schemes enabling the simultaneous transmission of more than one layer of data for more than one UE without time, frequency and spatial layer separation (i.e. using the same spatial precoding vector or the same transmit diversity scheme over the same REs) over the existing Rel-12 techniques.
· Identify required standard changes needed to assist UE intra-cell interference cancellation or suppression for the objectives listed above.

· The study should consider realistic deployment scenarios, traffic model and trade-offs between system-level gain, UE complexity, signalling overhead as well as specification impact. The study will consider UE and eNB feasibility for the possible enhanced schemes, with realistic UE and eNB impairments modelling (e.g. EVM, imperfect CSI feedback), channel estimation errors. 

· The study should take into account techniques in other SI/WI (e.g., FD-MIMO), and duplication of work should be avoided.

· The study will not consider enhancements to spatial precoder for the downlink.

· The study should be applicable to both TDD and FDD.
In order to conduct realistic evaluation of potential enhancements corresponding to superposition coding in Rel-13, this is essential to identify the target deployment scenarios of this SI. Hence, this contribution aims to provide some of our views regarding the deployment scenarios for downlink MU superposition transmission. In particular, we discuss some issues relating to user scheduling for superposition transmission when directive beamforming techniques are applied. 
2 Superposition Coding
Here we briefly review the concept of superposition coding, the details of which can be found in the vast literature such as [2]. Superposition coding allows joint transmission of multiple layers of data in non-orthogonal radio resources. That is, more than one UEs can be served without time, frequency, and space separation. In general, a superposition-coded signal for a pair of UEs can be written as:
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where x1 and x2 are desired signals for UE1 and UE2 respectively. In addition, Pi represents power scaling for the i-th layer signal. 

To separate downlink signals at the two receivers, the UE with better link quality (say, UE1) should undertake successive interference cancellation (SIC) on the received signal. In other words, x2 should be demodulated by UE1, and then subtracted from the overall received signal in order to extract x1. On the other hand, the UE with the weaker link gain (UE2) should decode the received signal directly to obtain its desired information. 
This is important that power scaling factors Pi should be judiciously chosen and the pair of UEs with a large difference in link gains should be co-scheduled for superposition transmission, in order to ensure that SIC can be carried out properly. Specifically, a higher amount of power should be allocated to the desired signal for the UE with a weaker link gain, and vice versa. Typically, joint transmission to a UE near to eNB and a UE far from eNB is more ideal for superposition coding.
3 Deployment Considerations
In recent developments of 3GPP, the following two network topologies have been extensively considered as the deployment scenarios of many new RAN1 features:
· Homogeneous Network with a Macro Cell

· Heterogeneous Network with a Macro Cell and Multiple Small Cells

The performance of downlink MU superposition coding is crucial in both of these two scenarios and should be evaluated carefully, as homogeneous network with a macro cell is widely deployed globally, and heterogeneous networks consisting of small cells are increasingly important in the next decade. However, here we would like to point out a potential issue for downlink MU superposition transmission when 3D-MIMO technique (such as EBF/FD-MIMO) is used.  
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Figure 1: UE pairing for downlink superposition transmission under (a) broad coverage without beamforming and (b) directive beamforming with EBF/FD-MIMO.
With 3D-MIMO feature (corresponding to SI on EBF/FD-MIMO) that is currently under discussion in RAN1 TSG, a more directive beamforming can be achieved to increase SNR while reducing interference to UEs in vicinity. Nevertheless, when directive beamforming is applied, the near/far requirement of superposition coding (described in the preceding section) might be more difficult to fulfill, since the coverage of PDSCH signal is relatively narrow, as shown in Figure 1(b). Conversely, with conventional downlink schemes, it is more probable to find a pair of UEs that can be co-scheduled based on near/far criteria, as shown in Figure 1(a). Thus, in our opinions, this is important to examine whether the gain of MU superposition transmission is significant when more directive beamforming is employed for PDSCH.
Proposal 1: Evaluation of MU superposition transmission should be conducted under both homogeneous and heterogeneous networks.
Proposal 2: The feasibility of joint operation of downlink MU superposition transmission and EBF/FD-MIMO should be carefully investigated.
4 Conclusions
This contribution describes some of our views on deployment scenarios for downlink MU superposition transmission, and the specific proposals are:
Proposal 1: Evaluation of MU superposition transmission should be conducted under both homogeneous and heterogeneous networks.
Proposal 2: The feasibility of joint operation of downlink MU superposition transmission and EBF/FD-MIMO should be carefully investigated.
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